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Effects of receptor antagonists in patients with
clinical evidence of heart failure after myocardial
infarction: double blind comparison of metoprolol
and xamoterol

Hans Persson, Eva Rythe'n-Alder, Anders Melcher, Leif Erhardt

Abstract
Objective-To evaluate whether xam-
oterol, a partial agonist, would improve
exercise time more than metoprolol in
patients with mild to moderate heart fail-
ure after a myocardial infarction.
Design-Single-centre double blind ran-
domised parallel group comparison of
metoprolol 50-100 mg and xamoterol
100-200 mg twice daily.
Patients-210 patients aged 40-80 years
(173 men) with clinical evidence of heart
failure early after a myocardial infarc-
tion. 106 were given metoprolol and 104
xamoterol.
Main outcome measures-Exercise test
results and performance at three months;
the exercise test, quality of life, and clini-
cal assessments at baseline (5-7 days
after the infarction) and after 3, 6, and 12
months.
Results-Exercise time increased at
three months by 22% in the metoprolol
group and 29% in the xamoterol group,
but with no significant difference between
the groups. Patients taking xamoterol
showed overall non-significantly higher
mean values of exercise time achieved
with higher heart rates at rest and exer-
cise. Improvements in quality of life,
clinical signs of heart failure, and New
York Heart Association functional class
were seen in both treatment groups over
one year, with minor benefits of xam-
oterol on breathlessness, peripheral
oedema, and functional class. Eighteen
patients taking metoprolol and 22 taking
xamoterol withdrew from the study dur-
ing one year, with a low mortality, rein-
farction rate, and progress of heart
failure in both treatment groups. Mean
dose from baseline to 3 months was 135
mg metoprolol and 347 mg xamoterol.
Conclusion-fl, Receptor antagonists with
or without partial agonist activity are safe
to use in mild to moderate heart failure
after a myocardial infarction. Exercise
tolerance, quality of life, and clinical
signs and functional class of heart failure
improve, and few patients show deterio-
ration in their condition. Exercise toler-
ance is no better with xamoterol than
metoprolol.

(Br Heart J7 1995;74:140-148)
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Heart failure after a myocardial infarction is a
common and serious complication,' con-
tributing appreciably to future morbidity and
mortality2 irrespective of whether it is evalu-
ated by clinical methods or objective measures
of left ventricular function.3 Digitalis and
diuretics have long been the mainstay of treat-
ment in heart failure. Large scale studies have
shown that angiotensin converting enzyme
inhibitors improve prognosis and symptoms
and exercise tolerance in patients with chronic
heart failure,4 with better effects on exercise
tolerance than is obtained with digitalis.4
These inhibitors reduce mortality and mor-
bidity in patients after myocardial infarction
in those with asymptomatic left ventricular
dysfunction6 and those with clinical signs of
heart failure.7 ,B Receptor antagonists substan-
tially reduce mortality and morbidity after
myocardial infarction especially in high risk
patients with enlarged hearts or with clinical
heart failure.89 The effect seems in addition to
that of angiotensin converting enzyme
inhibitors.7

It has long been proposed that ,B receptor
antagonists can be functionally beneficial in
patients with heart failure if used with cau-
tion.'0 Prospective, randomised trials specifi-
cally of ,B antagonists in patients with heart
failure after infarction are lacking.
Vasodilating properties or partial agonist
activity have been suggested to reduce some
of the negative inotropic or chronotropic
effects of ,B receptor antagonists, although
concerns have been raised that the agonist
activity could abolish the beneficial effect on
mortality especially after myocardial infarc-
tion."1 Xamoterol, a /3, receptor antagonist
with high partial agonist activity improves
symptoms and exercise tolerance in patients
with mild to moderate chronic heart failure'2
without deleterious effects on prognosis, 3

although doubts have been raised in severe
heart failure.'4 The effect of xamoterol on
exercise tolerance was superior to that of digi-
talis.'2 Metoprolol, a /i3 receptor antagonist
devoid of agonist activity, has been widely
used after myocardial infarction and also
improves exercise tolerance in patients with
dilated cardiomyopathy.'0 15

This prospective study was undertaken to
compare the effects of these two types of
antagonists on exercise tolerance, clinical
assessment, and quality of life during one year
in patients with mild to moderate heart failure
soon after myocardial infarction. At the time
of planning the study in 1987 it was hypothe-
sised that xamoterol would improve exercise
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tolerance more than metoprolol because of its
partial agonist activity. It was considered
unethical to include a placebo group because
of the routine use of fi receptor antagonists as
secondary prevention at our institution in
patients with stabilised heart failure. This is,
to our knowledge, the first prospective ran-
domised trial to assess the functional effects of
fi receptor antagonists in heart failure after
myocardial infarction.

Patients and methods
DESIGN
The study was a double blind randomised
parallel group single centre comparison of
metoprolol (50-100 mg twice daily) and xam-
oterol (100-200 mg twice daily) over a year.
One cardiologist (HP) screened, randomised,
and followed up all patients throughout the
study. Patients were randomly allocated
metoprolol or xamoterol at discharge 5-7 days
after the index infarction. Stratification was
based on enlargement of the left ventricle at
the time of randomisation, with left ventricu-
lar end diastolic diameter of > 28 mm/m2
body surface area being considered to reflect
an enlarged left ventricle.'6 The primary effi-
cacy variable in the study was exercise toler-
ance at three months. Secondary end points
were exercise tolerance at six and 12 months,
clinical assessment of heart failure, and qual-
ity of life during follow up.

Results of a previous study with xamoterol
indicated that a total of 200 patients with
completed exercise tests would be needed to
give a 90% chance of detecting a 25 (10%)
seconds difference between the two groups at
three months at the 5% level of significance.'2
The protocol was approved by the ethics com-
mittee at Karolinska Hospital, and all patients
gave their informed consent to take part. The
study was conducted in accordance with the
Declaration of Helsinki.

PATIENTS
Patients aged 40-80 with one or more speci-
fied clinical or radiological signs of left ven-
tricular heart failure (table 1) at any time
during the 5-7 days in the coronary care unit
after an acute myocardial infarction were
included after their condition had stabilised.
Patients with severe heart failure (New York
Heart Association class IV) were excluded, as
were patients with pulmonary disease, aortic
stenosis, hypertrophic obstructive cardiomy-

Table 1 Occurrence of signs of heartfailure in the two
treatment groups. Values are numbers ofpatients

Metoprolol Xamoterol
(n = 106) (n = 104)

Bilateral pulmonary rales 97 97
Third heart sound 51 58
Congestion on x ray film 41 43
Type of congestion:
Upper lobe diversion 36 40
Interstitial oedema 19 15
Alveolar oedema 1 2
Pleural effusion 9 8

Sinus tachycardia 51 47
Respiratory rate > 27/minute 17 18

opathy, unstable angina, drug misuse, other
disabling diseases, or inability to carry out a
two minute exercise test. Concurrent treat-
ment was kept as stable as possible through-
out the study, but diuretics (mainly
frusemide), nitrates, angiotensin converting
enzyme inhibitors, and digitalis were allowed.
Angiotensin converting enzyme inhibitors
were given only to patients whose heart failure
deteriorated and who showed no response
after adjustment of diuretics. Calcium antago-
nists were not allowed at baseline.

METHODS
All patients had a clinical assessment, chest
radiography, echocardiography, and a symp-
tom limited exercise test before randomisation
and discharge. A questionnaire about symp-
toms and activities in their daily lives was
filled in by the cardiologist. Randomised
treatment was then started. Metoprolol 50 mg
or xamoterol 100 mg was given twice daily on
the first day. Heart rate and blood pressure
were checked while patients were supine and
standing before and two hours after each
dose. On the second day the dose was dou-
bled if no adverse reactions occurred. If
adverse symptoms or signs of intolerance
developed the patient was discharged taking a
reduced trial dose. The lowest given dose
before withdrawal was 50 mg metoprolol or
100 mg xamoterol once daily. A visit to check
safety of treatment was made after four weeks
of randomised treatment. Full assessments
with an exercise test, quality of life question-
naire, and clinical assessment were made after
three, six, and 12 months.

Effort tolerance was assessed by a symptom
limited exercise test on a bicycle ergometer
(Siemens Elema, Solna, Sweden) starting at
30 W, with a continuous increase of 10 W
each minute. Heart rate was measured every
minute and blood pressure and respiratory
rate every third minute and at peak exercise.
ST depression 60 ms after the J point was
measured at the end of exercise as the mean
value from 3-5 consecutive beats in the lead
(V,-V6) showing the maximal ST deviation.
A capillary blood sample for estimation of

blood lactate concentration was taken three
minutes after exercise. The samples were
analysed with the enzymatic method based on
oxidation of L-lactate to pyruvate with a
Lactate Analyzer 640 (Roche Bioelectrics,
Basel, Switzerland). The patients' perception
of chest pain, dyspnoea, and leg fatigue was
assessed every minute and at peak exercise by
using Borg scales (0-10).'7
Symptoms during daily life were assessed

by Likert questionnaires, which included
questions about breathlessness, tiredness,
chest pain, palpitations, speed of walking and
daily tasks, difficulty with walking and daily
tasks, confidence, sleeping, and mood. The
physician rated the answers given by the
patient on a scale of four or five points.
A clinical assessment was performed noting

presence of rales, a third heart sound, respira-
tory rate at rest, peripheral oedema, jugular
venous filling, hepatojugular reflex, and
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hepatomegaly. The patients were assigned a
New York Heart Association functional class
at each visit.

Echocardiography was performed 3-5 days
after the index infarction with M mode
recording of left ventricular end diastolic
diameter from a short axis parastemal view
below the level of the mitral valve16; left ven-
tricular end diastolic diameter was related to
body surface area. An Interspec XT,
equipped with a 2-5 MHz transducer, was
used. Wall motion score according to Berning
et al'8 was determined at baseline in all
patients with an acceptable cross sectional
echo window.

Chest radiography was usually performed

Table 2 Characteristics ofpatients at baseline. Values are numbers ofpatients unless
stated othervise

Men:women
Median age (range) (years)
Mean (SD) weight (kg)
New York Heart Association class:

I

II

III

Medical history:
Myocardial infarction
Left ventricular heart failure
Hypertension
Angina pectoris
Diabetes mellitus

Index infarction:
Transmural
Anterior/lateral
Peak infarct size (mean (SD) ,ukat/l)

Aspartate aminotransferase
Creatine phosphokinase
Creatine kinase B
Lactate dehydrogenase

At hospital:
Ventricular fibrillation
Ventricular tachycardia
Atrioventricular block

I
II
III

Treatment before admission to hospital:
Diuretics
Digitalis
,B Blockers
Long acting nitrates
Angiotensin converting enzyme (ACE) inhibitors
Calcium antagonists

Medication in CCU:
Frusemide
Digitalis
,B Blockers
Long-acting nitrates
ACE inhibitors
Calcium antagonists
Potassium sparers
Thrombolysis

Medication at discharge:
Frusemide
Digitalis
Long-acting nitrates
ACE inhibitors
Potassium sparers
Oral anticoagulants
Aspirin

Mean (SD) heart rate (beats/min):
Supine
Standing

Mean (SD) blood pressure (mm Hg):
Supine:

Systolic
Diastolic

Standing:
Systolic
Diastolic

Mean (SD) ventricular
end diastolic diameter (mm)

Mean (SD) wall motion score*
Mean (SD) radiographic heart size (ml)t:

Total
Relativet

*According to Berning, et al."821 tAccording to Jonse

Metoprolol
(n = 106)

82:24
66 (46-80)
77-5 (12-0)

2
78
26

15
14
33
31
17

91
54

5-00 (3-57)
37-5 (33-7)
1-57 (1-51)

22-2 (13-5)

5
47

5

3

18
2

17
7
2
8

105
10

100
90
13
0

87
66

105
7

81
11
86
11
89

69-3 (10-5)
78-5 (13-1)

Xamoterol
(n = 104)

91:13
67 (40-80)
76-5 (11-1)

4
65
35

20
16
28
40
19

80
56

4-74 (3-17)
36-5 (33-9)
1-57 (1-33)

26-3 (16-5)

9
44

3
2
4

19
13
23
19
1

13

104
13

100
91
10
2

92
58

103
9

82
7

91
17
76

70-8 (11-6)
79-2 (14-6)

119-0 (17 2) 121-3 (16-0)
75-5 (8-8) 76-2 (8-9)

115 5 (17 4) 115 3 (18-6)
79 4 (10-8) 78-0 (10-7)

58-3 (8-4) 58-1 (7-5)
1-2 (0-4) 1-2 (0-4)

1040 (271) 1032 (212)
543 (122) 542 (90)

ell.'9 tTo body surface area.

before discharge on days 3-5. Heart size
(absolute and relative to body surface area)
was determined according to the method of
Jonsell.'9 The degree of pulmonary congestion
was judged.

Routine haematology and serum bio-
chemistry tests were performed and compli-
ance was checked by counting tablets at each
return visit.

All laboratory analyses (exercise test,
echocardiography, radiography) were done
blind by independent physicians and techni-
cians.

STATISTICAL ANALYSES
Analysis of covariance was used for exercise
tolerance data. Adjusted means were
obtained, which allowed for the effect of the
baseline exercise tolerance and also the effect
of heart size (large or small). The estimated
jugular venous pressure and respiratory rate at
rest were analysed by the same methods.
Differences between adjusted means and 95%
confidence intervals for the differences were
estimated. A Mantel-Haenszel x2 test was
used to assess if the treatments differed in fre-
quency of pulmonary rales, third heart sound,
peripheral oedema, hepatomegaly, and hepa-
tojugular reflex at follow up. A check for treat-
ment by heart size interaction was performed
using the Breslow-Day test. For quality of life
questions 95% confidence intervals were esti-
mated according to Gardner and Altman for
the median changes from baseline, a within
treatment comparison. (Statistics with
confidence: confidence intervals and statistical
guidelines. BMJ 1989;299:690.) A between
treatment comparison was made using the
Wilcoxon rank sum test. A P value <0 05 was
considered significant.

Adjustments of the P values were per-
formed with respect to measurements at mul-
tiple time points by a non-Bonferroni method.
Statistical testing was performed at months 3,
6, and 12 and at the last known value. The
last known value was obtained to overcome
the potential bias of patients withdrawing at
different times from the two treatment
groups. If a patient withdrew from tests
between visits at three and six months the
assessment value at three months was entered
at six and 12 months as the last known value.
All patients with assessments at any follow up
visits were entered in the analysis whether or
not they were still taking the allocated treat-
ment (intention to treat analysis). Data are
presented as means (SD), or as medians when
appropriate.

Results
CHARACTERISTICS AT BASELINE
Two hundred and ten patients entered the
study (table 2). Their median age was 67
years and 173 were men. Class I heart failure
according to the New York Heart Association
was present in six patients, class II heart fail-
ure in 143, and class III in 61. A third heart
sound was noted in 109 and rales in 194.
Transmural infarction was diagnosed in 171
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Table 3 Reasons for exclusion from study, 1988-90

No ofpatients
(n = 312)

Echocardiography not possible 27
No heart failure 106
Severe heart failure 6
Unstable angina 18
Valvar heart disease 5
Pulmonary disease 16
Intermittent claudication 12
Neurological disease 16
Rheumatoid disease 2
Haematological or malignant disease 10
Psychiatric disease 6
Other diseases 28
Known intolerance to ,B blockade 16
Other catchment area 19
Alcohol misuse 4
Other research project 3
Language difficulties/consent not given 9
Not classified 9

and anterior or lateral infarction in 110.
Previous infarction was present in 35 and a

history of left ventricular heart failure in 30.
Thrombolytic treatment was given to 124.
The two treatment groups were similar

with respect to age, weight, sex, class of heart
failure, medical history, infarct size and loca-
tion, left ventricular end diastolic diameter,
wall motion score, vital signs, and cardiovas-
cular drugs taken during the stay in the coro-

nary care unit and at discharge. Before
admission to hospital 13 patients randomly
allocated xamoterol had received digoxin
compared with two patients randomly allo-
cated metoprolol. This difference was not pre-
sent in the coronary care unit or at discharge.

Receptor antagonists were given to 200
patients before randomisation. Most patients
received treatment with frusemide, amiloride,
long acting nitrates, and aspirin on discharge.
The mean frusemide dose was 71 mg (range
20-200) in both treatment groups at dis-
charge. Angiotensin converting enzyme
inhibitors were given to 18 patients and digi-
talis to 16 at discharge.

PATIENT ELIGIBILITY
A complete log book was kept during the first
two years of inclusion20; 632 patients surviving

Table 4 Reasons for withdrawalfrom study

Metroprolol Xamoterol
(n = 18) (n = 22)

Death 5 6
Deterioration in condition 8 6
Atrial fibrillation 1 1
Ventricular tachycardia 0 3
Possible adverse reaction 2 2
Patient defaulted 0 1
Study closed down 2 1
Other 0 2

Table 5 Adverse reactions reported in >5% of all
patients

Metroprolol Xamoterol
(n = 77) (n = 44)

Vertigo 19 9
Cold extremities 15 8
Flatulence 9 10
Myocardial infarction 7 6
Angina pectoris 8 4
Impotence 6 4
Disturbed sleep 7 2
Diarrhoea 6 1

3-5 days after a myocardial infarction were
registered. Two hundred and fifteen patients
were not entered because they were older than
75. An amendment to the protocol was made
after two years to include patients older than
75 in the study. Of the remaining 417
patients, 105 patients were entered in the
study. One hundred and six patients were
excluded because of lack of heart failure signs
in the coronary care unit and six patients were
excluded because of severe heart failure. Of
the 312 excluded patients (table 3), 256
received fi blockade at the time of screening.
Sixteen patients over 75 were entered during
the remaining two years of inclusion.

CONCURRENT DRUG TREATMENTS
During follow up the median number of other
drugs was 4 in both groups on all visits, except
on the 12 month visit, when three other drugs
were taken. At three months the dose of
frusemide was increased in 10 patients taking
metoprolol and in three taking xamoterol (P <
0 05). Mean doses of frusemide were not dif-
ferent between the two trial groups after three,
six, and 12 months of follow up. At 12
months frusemide had been withdrawn in 17
patients taking metoprolol compared with 15
patients taking xamoterol. Angiotensin con-
verting enzyme inhibitors were given to six
patients taking metoprolol and nine taking
xamoterol during follow up.

TRIAL TREATMENTS
Mean daily dose from baseline to three
months was 135 (55) mg for metoprolol and
347 (92) mg for xamoterol. From three to six
months the mean dose was 123 (63) mg for
metoprolol and 324 (119) mg for xamoterol.
From six to 12 months the dose was 116 (66)
mg and 294 (145) mg, respectively. Median
dose was 100 mg for metoprolol and 400 mg
for xamoterol on all visits. The trial dose was
reduced because of symptoms of heart failure
in 14 patients taking metoprolol and in 10
taking xamoterol (P = 0.41).

ECHOCARDIOGRAPHY AND LEFT VENTRICULAR
FUNCTION
The left ventricle was enlarged (left ventricu-
lar end diastolic diameter > 28 mm/m2 body
surface area) in 143 patients. A mean wall
motion score of 1 2 (0 4) was found at base-
line in 189 patients, corresponding to a mean
ejection fraction2' of 36%, which was similar
in both treatment groups (table 2). The mean
wall motion score was 1-0 (0 4) in patients
with enlarged left ventricles, corresponding to
a mean baseline ejection fraction of 30%. The
mean wall motion score was significantly better
in patients with normal left ventricular size
(1-4 (0 3) v 1-0 (0 4), P < 0.001).

WITHDRAWALS
Forty patients were withdrawn from ran-
domised treatment during the one year follow
up (table 4). Five patients receiving metoprolol
and six receiving xamoterol died; three of the
deaths in the metoprolol group occurred
within eight days of entry. Disease deteriora-
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Table 6 Exercise variables. Values are means (SD)

Metoprolol Xamoterol

Exercise time (s):
Baseline 391-0 (161-8) 386-7 (138-7)
3 Months 482-4 (207 9) 494 3 (189-9)
12 Months 508-3 (209.3) 528-0 (198.6)

Peak workload (W):
Baseline 94 9 (26 9) 94 3 (23-1)
3 Months 110 1 (347) 112-1 (31-6)
12 Months 114-3 (35 0) 117-7 (33 2)

Heart rate at rest supine (beats/min):
Baseline 69-3 (10-5) 70-8 (11 6)
3 Months 57-5 (8-0) 70 3 (9*7)
12 Months 59-1 (9 1) 71-2 (93)

Systolic blood pressure at rest supine (mm Hg):
Baseline 119-0 (17-2) 121-3 (16-0)
3 Months 125-8 (17-0) 134-2 (17-7)
12 Months 131-6 (17-1) 136-1 (17-4)

Heart rate at peak exercise (beats/minute):
Baseline 113-6 (15-7) 115-9 (20 6)
3 Months 110 1 (17-4) 119-4 (18-2)
12 Months 113-0 (17-2) 124-4 (17-9)

Systolic blood pressure at peak exercise (mm Hg):
Baseline 158-5 (28 5) 156-9 (28 8)
3 Months 159-7 (29 4) 163 1 (24 3)
12 Months 167-8 (27 8) 170-7 (21-4)

Peak respiratory rate (breaths/minute):
Baseline 29-4 (5-7) 29-2 (5 3)
3 Months 31-0 (5 6) 30-6 (5 6)
12 Months 32-6 (5 8) 31-6 (5 8)

Maximum ST depression at peak exercise (mm):
Baseline 0-67 (0-96) 0-85 (1 01)
3 Months 0-61 (0 84) 0 70 (0 93)
12 Months 0 59 (0 79) 0-64 (0 89)

Blood lactate (mmol/l):
Baseline 4-8 (1 5) 4*9 (1-6)
3Months 6-0 (1 9) 6-3 (2-1)
12 Months 6-4 (2-4) 7-0 (2 0)

Peak Borg dyspnoea:
Baseline
3 Months
12 Months

Peak Borg leg fatigue:
Baseline
3 Months
12 Months

Peak Borg chest pain:
Baseline
3 Months
12 Months

5-1 (2 0)
6-0 (2 2)
6-4 (2-1)
5-6 (2 2)
6-7 (2-1)
7-4 (1-9)

0-4 (1 0)
0 7 (1-7)
0.5 (1 4)

5 0 (2 0)
5-7 (2 0)
5-6 (1 9)

5-5 (2 1)
6-6 (2 0)
6-8 (17)

0.7 (1-5)
0-8 (1-6)
0-6 (1-5)

tion was the cause for withdrawal in 14
patients, eight taking metoprolol and six
xamoterol. Five patients taking metoprolol
and four xamoterol were withdrawn from the
study because of worsening heart failure.
Eight of these nine patients had enlarged left
ventricular end diastolic diameter at baseline.
Two patients taking metoprolol and three
xamoterol were withdrawn because of un-
stable angina. All five had a normal left ven-
tricular end diastolic diameter at baseline.
Symptoms of heart failure improved in five
patients after withdrawal. Eight patients who

Figure 1 Exercise
tolerance in seconds at
baseline and after three,
six, and 12 months of
follow up and at the last
known value. Thefigure
shows adjusted means and
95% confidence intervals
for the difference in seconds
between the treatment
groups.
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were withdrawn showed improvement after
revascularisation; two patients died four and
12 months after withdrawal. Seven of the 14
patients whose condition deteriorated were
treated with open label ,B blockade after
withdrawal. Three patients taking xamoterol
were withdrawn within one month because of
ventricular tachycardia.

EXERCISE TESTING
Exercise tests were continued until either
symptoms or criteria determining cardiac
safety prevented continuation. Exercise tests
were performed at three months in 201
patients, at six months in 193 patients, and at
12 months, the final visit, in 186 patients. The
groups were comparable in baseline exercise
tolerance, ST depression, blood lactate con-
centration after exercise, and ratings of symp-
toms on the Borg scale (table 6). Exercise
time increased at three months compared
with baseline values by 22% in the metoprolol
group and 29% in the xamoterol group. There
was no significant difference between the two
groups at any of the follow up visits (figure 1).
The mean increase in exercise time was
largest at 12 months (27% increase for meto-
prolol and 35% increase for xamoterol). The
largest difference between the two treatment
groups was 36 s, or 6 W (9% of baseline exer-
cise time and 6% of baseline exercise toler-
ance), at the last known value. The results
were consistent in patients with normal and
enlarged left ventricles.

Borg scale assessments showed fatigue to
be the major limiting symptom at baseline and
all follow up visits. Breathlessness and fatigue
were the cause for stopping exercise in >95%,
chest pain in <17%, arrhythmias <5%, and a
fall in blood pressure in <10% of all visits.
The Borg scale ratings and blood lactate con-
centration increased on follow up (P <
0 001), showing that some of the improve-
ment in exercise tolerance could be explained
by a higher degree of physical exertion. An
analysis of the workload obtained at the maxi-
mal Borg scale rating of dyspnoea on entry
compared with the workload obtained at the
same Borg scale rating at 12 months showed
an average 12% increase in exercise tolerance
in both treatment groups (P = 0 002) on fol-
low up.
Mean heart rate at rest (P < 0 001) and at

peak exercise (P < 0 001), and mean systolic
(P < 0 05) and diastolic (P < 0 05) blood
pressures at rest were significantly higher in
patients receiving xamoterol at all follow up
visits. There was a mean decrease of heart rate
of 9 9-11 4 beats/minute at rest and 3-6-0-8
beats/minute at peak exercise with metoprolol
from baseline to follow up visits and a mean
difference of -0 5-0-7 beats/minute at rest
and a mean increase of 3 4-7 9 beats/minute
on exercise with xamoterol.

QUALITY OF LIFE ASSESSMENT
Improvements for both trial groups were seen
in tiredness, chest pain, speed of walking, dif-
ficulty with daily tasks, speed of daily tasks
(table 7). Breathlessness improved only with
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Table 7 Quality of life assessments duringfollow up

Change from baseline P value for
(95% confidence interval) * difference

between metoprolol
Metoprolol Xamoterol and xamoterol

Tiredness:
0-3 -1 to-0-5 -1 to-0-5 0-92
0-6 -1 to-0-5 -1 to-0-5 0-28
0-12 -1 to -0-5 -1 to -0-5 0-90

Breathlessness:
0-3 OtoO -0-5toO 0-003
0-6 0 to 0 -0-5 to 0 0-046
0-12 -0-5to0 -0.5toO 0-48

Chest pain:
0-3 -1 to -0-5 -0-5 to -0-5 0-53
0-6 -1 to -0-5 -1 to -0-5 0-93
0-12 -1 to -0-5 -1 to -0-5 0-99

Palpitations:
0-3 OtoO OtoO 0.99
0-6 OtoO OtoO 0-38
0-12 -0.5toO OtoO 0-44

Difficulty with walking:
0-3 0toO -0.5to0 0-39
0-6 OtoO -0.5toO 0-49
0-12 OtoO -0-5toO 0-41

Speed of walking:
0-3 -1 to -0-5 -0-5 to -0-5 0-92
0-6 -0.5 to-0-5 -1 to-0-5 1-00
0-12 -1 to -0.5 -1 to -0-5 0-99

Difficulty with daily tasks:
0-3 -1 to-0.5 -1 to-0-5 1-00
0-6 -1 to -0-5 -1 to -0-5 0-96
0-12 -1 to -1 -1 to -0-5 0-99

Confidence:
0-3 -0.5 toO -0-5 toO 0-99
0-6 -0.5toO -0-5to0 0-83
0-12 -0-5toO -0-5toO 1-00

Quality of sleep:
0-3 OtoO -0-5toO 0-30
0-6 -0-5 toO -0-5 to0 0-96
0-12 -0-5toO -0.5toO 0-94

*Answers were given on a 4 or 5 point scale. Minus signs mean improvements compared with
baseline scores. 95% confidence intervals were calculated according to Gardner and Altman.

xamoterol on follow up (95% confidence
interval -05 to -05 at the last known value)
and the improvement was better than that in
the metoprolol group at three (P = 0 003) and
six months (P = 0 046) but not at 12 months
(P = 0-48). There was no improvement in
palpitations, difficulty with walking, mood,

Table 8 Clinical signs of heart failure at baseline andfollow up. Values are numbers
(percentages) ofpatients unless stated otherwise

Sign Metoprolol Xamoterol P value

Gallop rhythm:
Baseline 33 (31) 43 (41)
3Months 14 (14) 12 (12) 0-63
6 Months 19 (19) 21 (21) 0-50
12Months 17 (18) 16 (17) 0-82

Rales:
Baseline 34 (32) 46 (44)
3 Months 21 (21) 18 (18) 0-72
6 Months - -
12Months 18 (19) 11 (11) 0-15

Mean (SD) respiratory rate at rest (beats/minute):
Baseline 16-8 (3-9) 16-5 (3-7)
3 Months 15-0 (3-2) 15-1 (3-3) 0-92
6Months 15-5 (3-1) 15-5 (3-3) 1-00
12Months 15-3(3-4) 15-3(3-5) 1-00

Mean (SD) jugular venous pressure (cm H20):
Baseline 9-2 (1-6) 9-5 (1-5)
3 Months 9-1 (1-3) 8-8 (1-0) 0-13
6 Months 9-2 (1-3) 8-8 (1-0) 0-09
12 Months 9-0 (1-1) 8-8 (1-0) 0-90

Peripheral oedema:
Baseline 7 (7) 6 (6)
3Months 11 (11) 4 (4) 0-15
6 Months 17 (17) 4 (4) 0-02
12 Months 13(14) 6 (6) 0 27

Hepatomegaly:
Baseline 0 1 (1)
3 Months 0 1 (1) 0-62
6 Months 1 (1) 2 (2) 0-99
12 Months 1 (1) 1 (1) 0-85

Positive hepatojugular reflex:
Baseline 30 (31) 34 (34)
3Months 26 (27) 17 (17) 0-24
6Months 27 (28) 19 (20) 0-67
12 Months 22 (24) 18 (20) 0-92
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Figure 2 New York Heart Association (NYHA)
fiunctional class at baseline and after three and 12 months
offollow up. Numbers ofpatients in each class are given
below the histogram.

confidence, and quality of sleep. No other dif-
ferences between the treatment groups were
found.

CLINICAL ASSESSMENT
Clinical signs improved on follow up, but no
differences were seen between the two treat-
ment groups in frequency of rales, third heart
sound, respiratory rate at rest, hepatomegaly,
or hepatojugular reflex (table 8). Fewer
patients taking xamoterol had peripheral
oedema on follow up, which was significant at
six months (4% and 17%, respectively; P =
0-02). Estimated jugular venous pressure was
slightly lower with xamoterol; at six months
the adjusted mean was 8-7 cm H2O and 9 1
cm H2O, respectively (P = 0-09). Patients'
weight increased by 1-8 kg with metoprolol
and declined by 0-8 kg with xamoterol. The
mean New York Heart Association class of
heart failure (figure 2) improved from 2-2 at
entry to 1-8 at 12 months with metoprolol and
from 2 3 to 1-5 with xamoterol (P < 0 01, for
difference between groups at 12 months).
Heart failure deteriorated by one functional
class in seven patients in the metoprolol group
and four in the xamoterol group from baseline
to 12 months; but heart failure did not deteri-
orate by more than one class in any patient.

ADVERSE EXPERIENCES AND ADMISSIONS TO
HOSPITAL
Within 12 months of entry 72 patients taking
xamoterol and 85 taking metoprolol (P <
0 07) reported 166 and 186 adverse reactions,
respectively. Vertigo, cold extremities, flatu-
lence, angina pectoris, impotence, myocardial
infarction, disturbed sleep, and diarrhoea
were each reported by at least 5% of all
patients (table 5). More adverse reactions
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except for flatulence were reported by patients
taking metoprolol. The reinfarction rate was
low in both treatment groups: 7% (seven
patients) with metoprolol and 6% (six
patients) with xamoterol. There was no differ-
ence between the treatments in numbers of
visits to hospital. The number of days spent in
hospital was also similar in both groups (5.2
(9 4) in the metoprolol group and 6-5 (12-0)
in the xamoterol group) (P = 0 33).

Discussion
Controlled studies on exercise tolerance with
,B blockade have mainly been performed in
patients with chronic heart failure caused by
idiopathic dilated cardiomyopathy. During
the first month of treatment reduced exercise
tolerance22 or no improvement was seen.23
During long term treatment improvement was
observed,'0 15 indicating that a short term dete-
rioration may be expected before improve-
ment is obtained. With xamoterol
improvement has been reported after 1-3
months.'2 24 25 No improvement in exercise tol-
erance was found with xamoterol in patients
with severe heart failure.'4 /3 Receptor antago-
nists with vasodilatory effects such as
labetalol,26 bucindolol,27 and carvedilol28 also
improve exercise tolerance, but there are no
controlled comparisons between different
types of /3 blockade and no trials have been
reported in patients with heart failure after
myocardial infarction.

Exercise tolerance improved both with
metoprolol and xamoterol in our study, with
no significant differences between the treat-
ment groups. The improvement with xam-
oterol over one year was similar to that seen in
the German austrian xamoterol study,'2 a sim-
ilar workload at a similar peak exercise heart
rate being achieved. The 27% improvement
over one year with metoprolol is greater than
the 16% improvement seen with digitalis in
the German study but 8-9% less than the
effect of xamoterol. The improvement from
baseline must be interpreted with caution as
we did not use a placebo group. In a previous
study with exercise testing after mainly
uncomplicated myocardial infarction a similar
improvement was found with both metoprolol
and placebo, indicating the natural course of
exercise tolerance during the year after infarc-
tion.29 Another reason for caution when inter-
preting the data is that the higher exercise
time during follow up is achieved at a higher
degree of physical exertion according to the
Borg scale data, measurements of lactate con-
centration, and respiratory rate. The addi-
tional analysis of Borg scale data supports a
true 12% improvement in both treatment
groups at 12 months, as previously noted.
The improvement in exercise tolerance was
similar in the subgroups of patients with nor-
mal and enlarged left ventricles, which means
that exercise time improves also in patients
with a more obvious depression of left ventric-
ular systolic function. We found significant
differences in heart rate and blood pressure
between the trial drugs at rest and on exercise,

which shows the partial agonist effect of xam-
oterol. One reason for the lack of additional
effect on exercise tolerance with xamoterol
could be a higher oxygen demand shown by
Thierfelder et al with xamoterol'0 but disputed
by Rousseau et al.31
One clinical benefit of xamoterol is

reflected in fewer patients with peripheral
oedema, and this might be related to the dif-
ference in weight between treatment groups
during follow up. Increased doses of
frusemide were also more frequent in the
metoprolol group at three months, although
mean doses were similar in both treatment
groups during follow up. Metoprolol causes
patients with heart disease to gain weight.32
It may affect lipolysis.33 No other significant
differences on clinical assessments could be
detected, indicating similar effects of the
drugs.

Quality of life questionnaires indicate an
improvement with time in both treatment
groups. This finding must, however, be inter-
preted with caution because of the lack of a
control group. Only breathlessness was signif-
icantly better in patients taking xamoterol
during the first six months, indicating some
clinical benefit and in agreement with other
studies. 12 Fluid retention in patients taking
metoprolol might be one reason why breath-
lessness did not improve with metoprolol. We
previously found that ventilation increases in
patients with heart failure treated with /3'
receptor antagonists devoid of agonist activity
without reducing exercise tolerance, peak
oxygen uptake, and anaerobic threshold.34
The beneficial effects of xamoterol on oedema
and breathlessness may explain the difference
in New York Heart Association functional
class at 12 months.

Safety data show a low mortality and mor-
bidity for xamoterol and metoprolol in com-
parison with mortality in patients with a
comparable wall motion score3 or similar clin-
ical inclusion criteria.7 The low mortality in
our study suggests a superior effect of3 recep-
tor antagonists in secondary prevention after
myocardial infarction in high risk patients.35
Our figures are in agreement with one study
with a partial agonist, acebutolol, in high risk
patients36 but in conflict with other studies
showing that prognosis is improved more with
/3 receptor antagonists without partial agonist
activity." However, our study was not
designed to look at effects on mortality and
the data must therefore be interpreted with
caution. The reduction in mortality after
myocardial infarction with metoprolol is seen
with a dose of 200 mg37 and the lower doses
used in heart failure may be less effective for
purposes of affecting mortality. The
Metoprolol in Dilated Cardiomyopathy study,
however, showed that there was some benefit
on the combined end point of mortality and
morbidity in patients with dilated cardiomy-
opathy with metoprolol at a dose comparable
with our mean dose.'0 The safety of xamoterol
shown in our study in mild to moderate heart
failure is in contrast to the findings in the
xamoterol in severe heart failure study, in
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which mortality was increased. 14
We have thus shown that /3 receptor antago-

nists with and without partial agonist activity
are well tolerated by patients with mild to
moderate heart failure after a myocardial
infarction, as has previously been shown for
patients with uncomplicated infarctions.'9
The frequency of adverse reactions and the
withdrawal rate were no higher in our study
than in other heart failure studies with
angiotensin converting enzyme inhibitors,5-7
and only 5% of our patients showed a deterio-
ration. The fear of deterioration in heart fail-
ure is in most cases not warranted, although
we used a fast titration protocol and standard
doses of metoprolol and xamoterol. A similar
incidence of heart failure was found in
patients allocated to ,B blockade compared to
placebo in a pooling off all long term sec-
ondary prevention studies with /3 blockade
after myocardial infarction.38 A beneficial
treatment effect of /3 blockade in selected
patients with clinical evidence of heart failure is
possible because there may be a different out-
come in these patients compared with patients
with uncomplicated myocardial infarction, as
shown by the differentiated haemodynamic
response in the Metoprolol in Acute
Myocardial Infarction trial.39 The Betablocker
Heart Attack Trial showed an increase in inci-
dence of heart failure confined to patients
with normal ejection fraction and not in
patients with reduced ejection fraction.40

Nearly all our patients were treated with
open /3 blockade as part of our routine treat-
ment of myocardial infarction before inclu-
sion in the study. We therefore knew that
most patients tolerated at least low doses of,B
blockade, a strategy used in studies with
angiotensin converting enzyme inhibitors.6
Most patients (82%) with exclusion criteria
according to the study protocol obviously tol-
erated /3 blockade. Only 16 patients were
excluded because they could not tolerate such
blockade.
The mechanism behind the improvement

after treatment with ,B blockade in patients
with heart failure is unclear. The lack of addi-
tional effect with xamoterol on exercise toler-
ance in spite of its beneficial haemodynamic
properties indicates that the /3l receptor block-
ing effect is the most important. ,B Receptor
antagonists with and without selectivity, par-
tial agonist activity, and vasolidatory effects
improve exercise tolerance.'5 24-29 Suggested
mechanisms include protection against ,B
receptor downregulation,41 anti-ischemic
effects,42 restoration of the chronotropic-
inotropic relation,43 protection against cate-
cholamine toxicity,44 and inhibition of
neurohormonal stimulation of the renin-
angiotensin system." Our study does not
allow us to draw any conclusion about these
beneficial mechanisms, but they are probably
all more obviously affected by a /3 receptor
antagonist devoid of partial agonist activity.
/3 Receptor antagonists with vasodilatory
properties may prove to be superior to meto-
prolol or xamoterol. Further comparative
studies are needed to answer this question.

We conclude that both metoprolol and
xamoterol can be used safely in patients with
mild to moderate heart failure after myocar-
dial infarction, with improvement of exercise
tolerance, quality of life, and clinical assess-
ment in the two treatment groups and only
minor differences in functional outcome dur-
ing one year of follow up. The use of xam-
oterol in patients with acute myocardial
infarction may be disputable until a proper
mortality study is performed because of the
adverse data on mortality in severe chronic
heart failure.'4
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